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® System tor adminlsterfng thwapeiitie «ir radiodte 

^ ,A system tor localizing a diagnostic or thefapeutic agent to an internal targ&t «ate. The system includes (1) a 
Mo&iyiated compound, (2) an avidin-cortaining txnding protain capable of localzina selectively at the target 
when administered parenterally. and 0) a clearing agent which can bind to and ooss^ink the binding 
proleh^ to fonn a protefci aggre{^ wMch is reaJlly deaed from the subjecf s bloodstream. In practicing the 
method of the invention, ttie binding protein Is administered to the subject parenterally. and allowed to localize at 
the taiget site, typically within 1-4 days, this is followed by a chase wHh the clearing agent to remove 
cifculaJing. but not target-localized binding protein, When the bioUnylaled compound is administered, binding of 
the compound to the localized binding protein, artd rapid dearance of unbound compound by the kidneys, 
results in selective JocaCzatkm of the coni^^ 
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SYSTEM FOR ADMINISTERING THERAPEUTIC OR RADIODIA(^OSnC COMPOUND 



The present Invention relates to a system for acfaninlstering a therapeutic or diagnostic compound, and 
in partkajlar. a radionudida to produce targe^specffic lo^^ 
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A majpr locus of current ,drug research \s to improve drug targeting to internal target sites, siich as to 

25 , solid tumors or specific organs. The otjecGve of drug targeting is to enhance the effecfiveness of the dtug 
l>y concentra ti ng It at the target site, and minimizing its effects in non-target sites. Fbr exampi . where the 
drug, is used for therapeutic purposes, such as to treat a solid tumor, drug targeting allows more effectWe 
dpsmg at the target site with fewer non-tumor related side effects. Simiiarfy, where the drug agent is a 
radionuclide for t» in radioimaging. targeting gives enhanced contrast t)etweeri tfie target and badcground 

30 areas, because of reduced t>ackgrourid levels of the radion^ 

Radibnucndes ara an Important group of phannaceutical agents for which a variety of targeting 
strategies have been proposed^ Included in tills group are radioimaging compounds, such as metal chelates 
of <"ln, s'Ga, «Cu. »rc «Ga. «Zn, ®Gu. ^s?Hg. »Ru, ^Co, or S3Co. which are used to Image Internal sites, 
particulariy solid tumors, fiy Intravenous admintstration and systen^ uptake of the chelates. Also included 

3$ aT0 radtotfierapeutic agents, such as tfie metal chelates of or or conjugates di other, 

radioactive elements, such as which are used in treating turTK>rs and the G1(e, fc^sed on localized cefl 
destruction from ioruzing racfiation. A related group of pharmaceutical agents are rKMfwacfioactive metal, 
cheteles such as irori. copper or ruthm'um chelates, wluch produce cytotoxic effects through redox 
rnechanismSt snd can also potentiate the cytotoxic action of radiation on cells. 

40 Previously, the inventors have described several novel chelate oompourtds which are useiful for 
targeting racBonucfides and racfiosensttizing metals to internal sites, particuiarly solid tumors. In general, 
the^ compounds are bifunctionai cheating agents which have, as one functiorral group, a chelating moiety 
capable of forming a tight comply witii a metal Ion, and as a second functional group, a chemically 
reactive moiety, such as a nftro or anrtlne group, through which the compound can be coupled to a targeting . 

45 orothermolecule(Meares, 1976; Goodwin etal. 1975, 1976. 1979). 

One novel class of chelate compounds which has been developed by the inventors ar various 
ettiytenediamintetFaacetic acid (EDTA) chelates of bleomycin, which is an anti^tumor antitHotic which 
Incafees witfun many types of tumors (Umezawa. Fujii). The bleomycin/EDTA compounds have been shown 
to give selective tumor localization of a variety of radionuclides, including ^Go and ^^^in, in solid tumors. 

50 One of the earnest of th^ compounds was prepared by allcyiating purified bleomymin Aa with a reactive 
bifunctionai compound, such as p-bromoac6tarntdobenzyl-B)TA (BABE-EDTA). to; 6nk the chelate to 
bleomycin through a sirffprtium group (DeRiemen Goodwin, 1979. 1981; Chang). A rnpre recent cornpourKt 
formed by jcMng a bifurK^tionia! EDTA molecule to a bleomyctn-C6 complex tiuough a monodentate cobalt- 
sulfir coordinate borxl. is descnbed in co^iwned U.S. Patent Application for "Bleomycin Conjugates and 
Mettiods', Serial No. 712377, filed Man:h 15. 1985. 
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One of th fimHations which has been observed in targeting small radionudide compounds, such as the 
above bleomydnAmetal chelate compounds, to a target site, such as a sofid tumor. Is relatively low 
concentration of the compound at the target site. The low dnig dose at the target site Is Is due to the rapid 
clearance of the compound by th kidneys, which limits the amount the compound in th bloodstream 

5 available for tocalizatlon at the terget site. Merely increasing the dose erf the administered compound Is not 
a practical solution, sinpe niost of the radionuclides are toxic and therefore dose-llmrting. 

One niethod for increasing the concentration of a dose^^mtted, but rapidly cleared, target tompound is 
to coadminister the compound in an antftxxjy-comptexed fonn. Because of its relativety large size, the 
complex Is not cleared by ttie kidneys, but Instead, is removed stowly from the trfobdstream over a several 

to day paiod by the retteuloendomeBal system (RES). This approach has been Investigated prevknisly by the 
Ifwemors, using two monocton^^ iantibodles (Mafc>s) prepared against the bifunctional indium/chelate com- 
pound L-benzyl-EDTA-»"ln (LBEDTA-ln). Binding studies showed that both antibodies were specHic for th 
Indium chelate, giving Kb values for the indium chelate whteh were at least about 20 tim^ those of the 
ctel^tes of other inetals. The antitKxJies. when coadministered with Bl£DTA-^^i|h; Increased the whole 

T5 body level of BLEDTAriVIn after 24 hours between 10-30 times, p by retaining the Bl£DTA-ln 

compound in a tightly bourid systemfc form which Is deared stowly from the btoodstream. 

The Increased uptake of the compound in the presence of drculating anti-compdund 
however, a relatively non-specific effect, ance a variety of orgaris which were tested for ^t^lri levels also 

, showed significantly Increased radloaclwity after. 24 hours. Therefore, the advantage of enhanced tumor 

20 uptake Of the compound produced by coacfoninistration of an antibody Is partially offset by (1j higher 
backgrourid levels of radioactivity (or a therapeutic agent) Iri non-tumor orgaiis, and (2). gmater total patient 
exposure to the conjugate. e.g.. greater radiation exposure In the caise of a conjugate having a chelated 
radionuclide, . . • 

Although It may be possible to reduce these unwanted skle effects by flushing the patient's bkxxi- 
28 stream with a non-toxic or non-radfoactlve competing antigen, the Improvemerit in terms of r^uced 
exposure to the compound is riot dramatic. Earner studies conducted by the Inventors showed, for exampi , 
that whole l?pdy BLEDTAr^ vin levels are reduced only about 20% three houis after giving a flushing dos 
of Fe-EPTA. Fimher. the antibody^enhancement approach just de8cra)ed requires periods of at least several 
Iwars for significant targ^ distribution effecte; therefore, the method is not suited to radionudkies such as 
so* "^^Tc and «Qa which have half rives of between about one to a few hours. 

The system of the invention fndudes (a) a biotinylated compound containing the agent to bb hxafsed 
(b) an avicfin-containing protein capabte of localiang selectively at a target site when administered to a 
subject parenterally. and <c) a dearing agent capable of reacting with the Wndliig protdn when circulating In 
the bipodstream of the subject, to fonn a macromPlecular aggregate whteh can be cleared by the subject's 
OS ret'cdoendothelial system. ; 

The individual componente of the system for. use In diagnosis or therapy using the above system are 
included in the iriventidn- 

The present im/ention te further described by way of »^ 
drawing. In y^ich:; 

40 Figure 1 shows the molecular staicture of a biotinylated EDTA*metal chelate compound designed for 

use in the invention; 

^ Figure 2 Ulustrates, In dlagramm^'o form, the steps by whfch a therapeutic or dlagnbst^ compound 

is kM:ali2ed in a tissue, accpiiding to the rne^ 
"K" denotes the, kidneys; and 
<s Figure 3 shows whole-body photo-emisston scans of a tumor-bearing animal 3 hours (A) arid 24 

hours (B) after adrnlnistration of a radonucfide-chelate compound. 
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L Prepan'ng the System Conwxxiente 
Al Biotlnyiated CcmpourKis 



The invention is designed for use In targeting a tiierapeutic or diagnostic agent at a ^cific Intemal 
body ^ such as a sofid tumor or selected organ or tissue site. The agent which is targeted is a 
» biptihytated compound having a phannaceutically active therapeutic or diagnostic, particularly racfiomaging, 
md(?ty (the active nwiety). and one or more biotin moieties which can bind specifically and ^ high affinity 
to an avtdin-containing binding protein. 
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TTie active moiely of the compound Is a pharmaceirtically ictive agent such as a cfriig, radsonucfide^ 
hormon , toxin, metaboBte. anfi-metabcMiae, vHamfn, enzyrne-cofactor, or the like which can be derlvafized 
to one or more Kofin groups wilhoul loss of activity. Such active agents indud anti-tiimor agents, as 
exemplified by doxorubtctn, dsplatin. DMA alkylating or cross-flnking agents, and antimetabolites: and 
antimicrobial agents, such as aminogiycosktes and polyene and macrolide antibtotk^ sxidt as amphotericin 
B. One ma^ dass of Iterapeutic and diagnosfic agents useful in the kivenfion are chelated metals, 
including chelated radionucOdes useful for radioimaging, such as '"In, ^ Ga, ^K^, *®^c, ®Zn, ^Cu, ^^Hg, 
*Ru, s^Co, or ^Co; chelated radtonucfides useful for tumor tfteraf^; such as ^g or ^C\r, and a racfio- 
sensftizing chelated metals, such as chelated iron, copper or rutf^^ 

The method of the inventton requires that the bkrtinyiated compound be sufficiently small and splut>ie 
when administeied parenlerally that ft can be cleared rapklly from the kidneys. Typically liniblecules with 
molecular v/eightsjess than about 50.000 daltons, and preferat^ less than about 10.000 dattdiis, and. which 
exi^ predomtnaritly in ;rnor)onrK>lecuiar ft 

Methods for derivafizing small target molecules wtth one or num bkitlh groups fbltoW vveiHoiown 
coupling procedures for biotinylating compounds at reactive chemkxd site^ subh as cartXDcyl. aimino. nitro, 
hydfoxyl, aWehyde, and sulhydryl sites. In one pn^ene6 method, the l^droxysucdhimlde ester of biotin 
(l^otin-NHS), a commerdaSy an^lable compound, is reacted directly with m amine group in the targ ting 
corr^imd. for coupfing.. through an amUe Gnk^^.The an^ group may itself rhay be aMed ib th target 
compound as a spacer arm. which is also joined to the target compound by standard coi4>0r^ techniques. 
By way of Ulustrafkxi. the tHotinylated EDTA compound IIIu*ated In i=igure 1 was fcmed by reacting a 
putrescein (1.4-butenedlam!ne) with p-lsothiocyanato benzyl EDTA, to couple the putresceln spacer ami to 
the t^tfunctional EDTA compound. Derlvatizatlon vinth blotin-NHS ttien ytekled the dedred biotinylated 
compound. Other coupling methods suitable for producing biotinylated target molecules are available and 
known to those in the art 

Biotinylated compotffYds containing two or more btotin groups, to give enhanced binding to avidln or 
streptavkfin. may be pr^>ared by the same general methodis i^scussed ^ve. In deriviati23Yig an active 
agent witii multiple btotin groups, the indWidual groups can be attached to different sites on aii iactive agent, 
or may be attached at cfiffetent positions on a single spacer arm attached to the active agent 

B. Avic8n-<kintainlng Binding Proteins 

Tiie avidin-containing knnding protein in the system of the Invention serves both as a targeting agent 
capable of tocarizkig specifically at an fntemal target site, and as a bimfing agent, fbr binding the 
bkytinylated compound to the target site. 

The inventors have earlier described a targeting system In which tiie t>inding protein is an antibody 
capable of binding specifically to a hapten-derivatized compound. Whereas antiixxjles offer tiie advantage 
that they can be. prepared against a wkie variety of epttiH^es. avidln has the advantage of a very high 
binc&ig affinity {about 10^ Un) for the epitope btotin. as compared to binding affinities of between about 
10^ to 10« for hapten/antibody pairs. The advantage of the high bindtrig constant in tite present invention is 
that the Invention can bo practiced usnig much smaller quantities of irijected binding protein; Specifically, 
the amount of aykfin which need be injected can be several orders of magnitude smaller than ttie amount of 
antibody needed to produce equivalent levels of bound target compound at tite target site. Accordingly, 
immune reaction problems whtoh may arise by parenteral administiation of relatively large doses of foreign 
protein are greatiy minintfzed. 

Avufin. an egg protein, and streptavkfin are corhmerc^ly avdteble in purified form suitable for use in 
human tfierapeutics. These proteirts can t>e derivatized to antitxxty or antibody f^fBgment molecules by 
known, couping methods, wf^ inckjde condensation and cross-linking reactions. The monod nal 
antibody/streptavkiln conjugate described in Example 2 was formed u^rig.the cross-Cnkirig reagents 2* 
imminothiolane and sucdnimidyl 4-(N-mal^mkk>methyl)cyclohexane-1-carfooxylate, according to known 
methods. Other coupfing agents, such as sohible cartKKSImides, and ifi-tHiydroxysuccinlmide compounds 
may also be used. 

Conskiering tiie targeting function of the bindirig protein, the inventicm relies on tite abiiity of the protein, 
when administered parenterally, to kx:alize selectively from tfie btoodstream to the target site. For efficient 
kscaHzation. tills requires ttiat the protein (a) have a relatively kmg ctrcuiating half fite in tiie bk)odstream. 
and (b) be capable of accumulating m the target organ, to terms of size requirements, avidln. streptavidin. 
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ami artibodtes or antibody fragments derivatized wHh either is larg enough to present rapid renal 
clearanoB. but not so large as to promote rapid d ararice by the RES. Binding proteins, including various 
types of hybrid proteins discussed below, in the size rang b^ween about 50-500.000 daltons are most 
suitable. .... 

fhs targeting capability of the binding protein may be based on the ability of the protein to bind 
speafically to target site antigens, or on protein sire or membrane pemieabiDty characterisecs. or to a 
pombinatlon of these factors. Most target sites* including tumor target sites contain tissue-specific surface 
antigens against v»hich the binding protein can be diredsdi and antibodies specific against a variety of 
nwrnal and malgnant tissues, such as used In Example 2. have been reported. The antibody may be an 
*^ serom. or preferably; monoclonal, antibody specific against target tissue antigens, or an aitibody 
W>«w>t. such as the F(ab72 or Fab fragment produced by enzymatic ctea\rage of intart antibody. In thd 
antibody-ayldln conjugate, the antibodies or antibody fragments m the hybrid protein would liinctioh is 
to^ targeting, while the avidin moiety would provide high affinity bindihd fbr biolin-la6eUed compounds 
which are targeted to the site: T i~ ■■v« 

bi another embodiment which is suitable for tumor targeting, selective protein locaTization in the tumor is 
based on the ability of the protein to penetrate selectively the more permeable. l.e.. leal^. capillariee which 
tteSirJ^pS*?^ ^ ^'^"^"^ ^ appiipech is greater^simplicity in preparing 

Example* 1 and 2 below illustrate tumor targeting with streplavidih alone (Bcampie 1), and streotavidbi 
» conjugated with an enti-tumor monoclonal antawdy. "«»p»wwn 

;-• .. C, Ctearino Agent 

^ ^. ?^ *?'^"9 *® system of the invention functions to bind to and cross-lihk tririding proteins 

wnteii are cireulating in the bloodstream of the treated indtaidual. to pronwte rapid clearance of the binding 
^wte?' ^99;;^^ '*y *» ^^S. nie agem Is preferably large enough to avoid rapid renal clearance, and 
' ooss-Bnlc and aggregate circulating binding proteins. Therefore, the 

protein preferably has a molecular weight of about SOiOOO daltons or more, and is derivatized with biotin at 

30 a mole ratio of about 1:4 proteinlrfotin or higher. Here it is noted that protein aggregatioh by the clearing 
agent also requires at least two avidin molecules on each binding proteihi 

On© ^^elOTod clearing agent, for use in humans, is a humai protein derivatized with multiple biotin 
^'^I!^ ««mple. human translenin can be bioUnyiated by reaction with Uolin in the presence of a 
suitabte cond««mg agent, such as a soluble carbocffimide. or by reaction with the above biotin44HS 

35 , . reagent 

IL Therapeutic and Radiediagnostic Methods 
^ . .A. LocaBzinq the Bindlnqf f>rotein . 

' invention is designed for targeting a therapeutfc or radlbcfia^iostlc egent to a 

seietfed intemd body site, such as a tumor region, an internal organ, or some other spedflc tissue region. 
^_A8 a first step in the method the binding protein is adhilnislersd parenterally. i^^^^ 

^ •ntravenpus (IV) administratioa From here, the protein slowly passes from the blood, through 
the extracellular fluid (ECF), and into the body tissues^ inchiding the target stts. accumulaling preferentiaHy 
m the tumor site because of the targeting feature of the protein. This initial step is illustrated at the top in 
S!. r "^ ^^ «tow passage of an avidin^led antibody binding protein from the bloodstream 
(dotted-Bne column) through the ECF into a tumor site. 
50. . Accordii^to an important advantage of the method, the binding protein Is delivered In non-complexed 
forni. i.e wriiKHit bound biodnylaled compound so that the treated IndhMual is not exposed to the 
compoundA^ the extended period of protein localizatioii at the tumor site. The amount of binding 
proteBi Which is mooted Is calculated to yield a selected concentration of the biotinylated awnpound at the 
target site, in the final targeting step. This amount will depend on several tectors wMch inciide: (al the 
55 relative degree of localization of th binding protein in target and non-target regions of the body, (b) the 

In the blood and. most importantly, (c) the binding constent of the binding 
protein, when locaHzed at the target site, lor the epHopic compound. 
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The ofyfimal amount of binding protein which is administered can be approxknateiy determined by 
combining ioiown l»ncfing constant data with emfNncai studies on animal model systems. Studies conducted 
in support of the present invention tndicat that effecth^ targ^g of a blotinylated EDTA compound 
required an initial avidtn or streptavidtn doses which are sut>stantiaily less than the 10-100 mg dose 
5 required for achieving the same level of localized ch late using an anti-chelate antibody as the prelocafizing 
agent 

The administered tnnding protein, which has a circulating half life in the blood of one to several days, is 
anow€fd to localize in the target organ over period of typically about 1-4 days. During tl^ period the binding, 
protein is slowly taken up from the blood by the target tissue, as well as other ti^es. In the case of 
10 tumors, binding prc^in aocumulalion. at the target site is enhanced because of the relatWety greater 
ieakiness of the capillaries wttich supply the tumor. As menfioned earfier, timior locafizatioh cdh be based 
solely oh preferential protein (e.g^ avid^ or streptavidin) leakage irttb the tumor. This rhechanism Is 
illustrated m the targeting methods illustrated In Examples 1 and 2» virhlch both ^low accumulation of an 
avidin binding protein in turner regtons 24 hours alter intraven^ 

B. Clearing the Binding Aoent . 

In the second step of ihe method, the circulating binding protein Is cleared rabidly from the 
20 btoodstream, to reduce totsd bk>od levels of the protein severalfold, wHtmit appredably effeHCling the levels 
of binding proteffi which have accumulated In the target Tbis step, which is iOustraled In the ceriier frame of 
Figure 2, is based on the formation in the t>ioodstream of aggregates of bindlrtg proteins and clearing agent., 
and rapid clearance of these aggregates by the RES. fa) the figure, the aggregates fbrmed in ttie 
l>kx)dstream are shown being removed by ITie Over, the principle site of uptake by the RES. Because of its 
25 rapid removal, the dectring agent does not accumulate appredabty ptitsfde the bkx»dstream, and th refore 
has fittle effect on the disposition of binding protein already k)caa^ 

The amount of dearlr^ agentwhk:h is administered is preferably In a molar ratio of between about 1:5". 
5:1 with respect to the. quantity of bonding prot^ calculated to be the bkxxistream of the treated Individual 
at the time! of the clearing step. Bcpw im e n i s conducted In support of the application indicate that the 
00 amount of binding protein present In the btoodstream 24 hours after Iv admlftfstFalion is typically between 
about 15-^% of the total amount administered. 

. The total time alkjwed for clearance of the binding protein, te., before the epitoptc compound Is 
administered, may be as sliprt as 15 -minutes, but typically ranges from atwut 1-4 hours. In. the study 
reported In Bcample 2, bkKxf levels were reduced about over 40 fold with the chase, as measured by the 
OS anrtoum of radlolabefled blotinylated dielata taken by «id t>to^ 



C. Uptake of tiie Biotinyiated Compound 

40 In the final targ^ng step, the biotinyiated compound Is administered par^nterally. end preferably, 
intravenously, for selective uptake of tiie kx:arized tending protein. This step, which is Qhistraled at th 
tx>ttom in Figure 2, involves rapki ufHake of \ho compound by the locsSSiedi bincfing prbtelh, in competition 
. Witt) rapkl clearance from ttiebk)odstreamt>y the kklneys. 

The amount of biotinyiated compound winch is admlnlistered Is calculated to produce a desired 
45 coricentratkm of compound at the target ^te shortly after compound injection, usually within 1-4 hours after 
injection. As with the binding protein, tiie optimal dosage can t>e calculated approximately from studies on a 
. model animal system comt»r)ed with the known tending affinity of the binding (Mrot^n for the compound. 

A number of stucfies on the tumor localization of biotinyiated chelata-radlonudide compounds have 
been carried out In support of tiie Invention, and some of tiese stucfies are d^aited in Examples 1 and 2. 
60 Witt) botti streptavidin and antibody-streptavlc&i conjugate bindihg proteins, turnorybkxxl ratios Increased 
severalfoki with administration of the ctiase. 

In a related study, detailed In Example 3. a monock>nal antOxxSy (not conjugated to avictin) specific 
against an non-bkstinylated EDTA chelate was admlnisterBd, foltowed by a chase after 20 hours with 
transfeoin-labelled chelate. One hour later, chelate-^Co was given, and alk>wed to kK^ze for three hours. 
55 Whole-body racfioimmagng of the treated animal gave the results seen in Rgure 3A, which shows 
k)caiization of ttie label in the kidneys (K), t>ladder (B) and flank tumor (T). The dstribution of the label in 
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the tumor^ blood and <^her tissues three hours after.iabel injection is shorn) in Table 1 in ExampI 3. The 
dab show high turnor^to-organ rafios for biqodt and. other Internal organs. The high r levels of rac&otabel h 
the kidn ys seen in the present, study due presumably to slower clearance of the radiolabeled compound 
from the kidneys. 

s Figure 3B shows the same animal imaged In Figure 3A, but imaged 24 hoiirs after compound 
administration. The major diff rence in the longer-temi imaging is an absence of label In the bladder. Good 
tumor Imping with low background is still achieved, the example 3 study indicates the enhancement in 
twnor Imaging that can be achfeved by the method of the Invention, but differs fixwn the invention In that the 
antibody (binding protein) levels which rnust be administered are $t^>stantially higher than those needed in 

70- the present Invention to achieve sufficient concentration of the targeting compound in the target sUe. 

Rom the foregoing, it can be appredaled how various objects and features of the invention are met 
The method provides selective localization of a therapeutic or radtdmagirig compound, t>ased on accumula- 
. fion of a target-specific binding protein at the selected target site, this feature allows for Improved 

^ ^ ther^iitic effect with reduced . side effects for therapeutic agenfe, and improved Imaging with reduced . 

ts , back^rpuml 1^^ parttculariy badcground levels due to circulating radionudide. 
- : Because the locafization of the compound ocpurs shortly after compound injection, e.g., 1-4 hours, 
ra(fi(muclides with half fives of about 1-6 hours can be used for radt<^rnaging. In p^^ method 
allows both virtwise half life Is about 6 hours/ and Is 68 minute^ to be used at 

relaevely tow radlpacti^ levels for radioimaging of tumors or other Internal target sites. The particular 

20 advantage of OQa ^ a racfioimaging agent is Its use In photon emission tomography, an imaglrig technique 
tfi^ allows qganfitation of localized radiolabel and resolution down to 5 mm. Heretofore^ tiie large amount of 
racfionudlde needed for Imaging required on oh^ c^^ With the present invention, tiie abiBty to 
focalize 1^ quantities of tiie racfionudlde in an hour err less Is compatfofo vwth radionudide amounts which 
can be produced with a much less expend ^Haa generator. . . 

25 The r^d clearance of non-localtzed compound by the kidneys meaiis that tiie toxicity associated viritfi 
the compound in systemic fmn can be reduced substantially. In the case of *"ln radioimaging, for 
example. It has been necessary heretofore to Ma£h the nietal to a drcutating protein, to achieve Itfgh levels 
of tfie radionudide at a tocaOzed site. This approach Is Bmltod by the. amount off protein-conjugated metal 
which can t>e safoly administered due to high levels of the radtonucGde in the bloodstream over a several 

so day period, in the present Invention, *most of the non-locaHzed radionuclide is deared in a few hours. This 
advantage also applies to tfierapeutic drugs, such as ?nti-tumor drugs, which must be given In large doses 
to achieve an effective dnig level at tfie target site. Driig treatment has been limited heretofore, for many 
anfr^mw drugs, by serious side effects afssodated witfi large.dose levels. In the preseht invention, tilie 
spedpc trfrwTmg of ti^e drug at the target sites, due to tiie presence tiiere of concentrated binding protein. 

35 allows 9;empeutically elfoctiye dmg co n cenb a tions to. be achieved at the tumor site wrth smaller doses of 
inject^ drug. 

fi^^ to anotfi^ important feature of tiie inventim, the avidin-containing bihdirig protein can be 
administered in relatively low doses, due to fts high .binding affinity for the biotinylated target con^XNmd 
Therefore tiie risk of immune reaction to tiie administered binding protein is sutistantiaily less than where 

landing protein is an unconjugated antibody, which must be administered in substantially greater 
do^ge. I=urtiter, tiie cost d treatment rruiterials^ 

The foHowing examples iUustrate the preparation and use d spedfic embodiments of the Invention. bU 
awTslnnowaylnlwid^ 

Bgrnpte 1 Btodistribution of in-11 Blotin Compound 

Biotin was coupled to p-isotfiicyanato EDTA tivou^ a putrescein spacer, as descn'bed above, and tfie 
biotinylated chelate compound was labeled witfi In-111. according to standard mettwds. The animals 
50 retained alxujt 6% of the total radioactivity 6 hours after intravenous injection, and alxjut 2%, 24 hours after 
injection. When tiie in-111 compound (0.03 nmoles) was complexed witti avidin (0.1 nmols), and admin* 
istered intravenously, 70% was retained after 24 hours, but was focafized mostiy in the liver {42/g liver; 
0.03%/g blood%). When streptavkiln was sut>stituted, 75% was ret^ned after 24 hours, but steyed in 
drculation to a much greater detent (10%/g fiver. 6%/g btood 
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BALBfe mice with KHJJ tumors were pretargeted with 0^ nmole steiirtavidin t)y intravenGius injection. 
At 20 hours, an Iv chase of k^oiinylated human transferrin was given, followed at 21 hours with 0.016 nmole 
of the above biotlnylated EDTA-ln-111 compound. The t)ioc&stribution of the ln*1li compound, as measured 
3 hours after compound administraton. showed a tumor uptake level of atxHJt 0.45% dose/g, and a 
5 tumor/t)iood ratb of at>out 4.74. In the absence of chase (the biotinylated human transfenin given at 20 
hours)» the tiimoryblood ratio was about 1ii2. 

The data atxTve tncficate that (a) good tunVdr targeting can t>e achieved by cfielate birKiing to 
prelocaOzed streptavidln. and (b) the removal of blood streptavidin by a chase significantly reduces ln-111 
background due to blood levels of the bound chelate comp^ 
10 : . ■ ■ 

Exaimrte 2 Targeting with ChlmeHc Antibodies 

MoiKa monoctonai antibody SIC5, an tGjG2a anfibddy, w^k^ is antHcfioty^ tb^tirfeice iigM on mdus B 
75 cell lymphoma 380-13 was covalently linked to streptavkfin using the tHfiinctiortat ctosslinking reagents 2- 
imminottitolane and and succintmKlyl 4-(NHnia]»'mkjomethyl)cydohe)cane-1-cart)o^ both obtained from 
commercial sources. Bk>dnylated EDTA complexed vind) ln-111 was prepared as iabove; 
. . The t^fimcttonal chimeric anfitxxiy was injected intravenously in C3H nUce. with 38Cr1d flank tumors, 
and aikiwed to focalize for 20 hours, at whkA time bloBnylated human trarisfibnlhlpyas^v^^a^^ One 
; 20 hour later, wtten the chase had largely cleared the btood of the antit>ody^ the artirilals w^ each Injected IV 
with the t)k}6nylated-rEDTA-in-1ll compound^ arKf organ dlstrltHftk)n of radiodctivity was measured within 1- 
3 hours, when renal clearance had lowered the backgrburid levels of bvt11suffk:iehtiy. Control animals 
were similarly treated but without receiving ttie chase and/or antitKxIy, and with covalently labeled ln-111 
chelate conjugates of the SfC5 antltXKly* 
25 With covalent ln-111 antibody, l>ackground was high In all organs, especially Bver, spleen, lymph nodes 
and blood. In pretargeted animals (Inltal antSbiody administration}, background levels word also high, 
especially in blood. The chase removed most of the bbod background with improved turrtbr^^^ ratios 
(greater than 6 foM Increase). 

• "* * 

30 : 

Example 3 Tumor Imaging 

. . Three A Balb/c mice prepared with a KHJJ aderKX^urdnoma tumor implants In the Hank, were 
administered ^bout 1 00 mg of monoctonai aniit>ody specifk: against an EDTA conjugate. Twenty hours after 

35 antibody administraSon, the animals were given a cfiase of the b^sferrln/EDTA-cdriiu^te cleiari agent, 
and one hour later (21 hours after ant&>ody admintstratton). the animal received an inj^cticm of th EDTA 
conjugate complexed with ln-111. Three hours later^ a whole-body scan, using computer cogitation of tfie 
whpie-body image, was performed on the animals. A representative image obtained for one bf th animals 
In shown In Rginre 3A. The image shows a ooncentr a t fo n of racfiolabel in the kklneys (IQ, bladder (B), and, 

40 the tumor regkm (T). About 16% of the "^In administered remained after 3 hours. Two of the arwnai^ were 
sacrificed at tfiis time and examined for ^^^In levels in the blood, tumor, and other tissues Bsted in Table 1 
betoiw. As seen from tfie table, the regimen gave good tumor uptake, and high tumor to blood and tow 
tiimor to kkJney ratios, consistent with (a) localizatiori of radiorusciide in tfie tumor, dnd (b) rapid clearance of 
tile racfionucfide from the btood by the kidneys. 

45 
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TABLE 1 

% Dpee Per Tumor/ 

Organ qm Organ drgkn 

Blood O.Tl 5. 55 

Heart : .0.40 5.85 

Lungs l.Ol 3.91 

Liver 1.24 3.20 

Spl0fen 0*35 10.11 

.KidneyS; . . . ii . lB ■ v. 0- 11 • • 

Tumor 3.55 1.00; ; 

Fone ■ 1.06 3 •73 

Skin ' .V.;- ".''"O.^OS. ,^ -^tii.-^- : 

Gut 1.17 3.39 



25 



. A Similar wto hours later (48 hours after the antibody administration). The 

irpage otrtained. shown In Figure 3B, Is similar to the earlier scan, but ^ows relative absence of label In the 
bladder. About 14% of the original tnnrvaterlal injected was present 

While the Inventbn has been described and Illustrated with respect to specific embodiments and 
^ features, it win be appredaled.that various changes and modifications can be made without departing from 
the Ihventibn. 

Claims 

^; A,?ystBni for.adimint^tering a diagnostic or therapeutic agent to an thtemal target site of a subject, 
comprising 

a biotinylat^ conipoumJ coritaining the ai^ 

an avtdin-cbntalning birkfing protein capable of locaGzing selectively m the target tissue when administered 
^ to the subject parenteis^^^ 

; a de^ng agem^^^^ ^ reacting witti said binding protein when circulating In the bloodstream of the 
sut)iect. to form a macrdmoleailar aggregate which is deaiied by ttie subject's reticuloendotiielial system. 

2. A system as clalm^ Ir) daim l. wherein ^^^^^ 

3. A system as clanined in claiin 1, wtvsreln the birdtng protein Is an antibody conjugated to avidin or 
streptavidln. . " 

^ syslern as claimed in any one of claims 1 to 3. for use In delivering a radfonucfide to tiie target 
site, wherein s^ bl<:rtinylated compound Is a biotinylated chelate compound complexed with a metal 
racfionud^de ion to fo^ 

5. A i^stem as claimed in claim 4 wherein tiie chelate compound is a metal chelate of a 1-phenyl or 1-^ 
50 benzyl EOTA. 

6. A system as clairhwJ in claim 5, wherein tiie epitope-chelate compound is a metal chelate having a 
ttiiobutane spacer ami Gnked to tiie benzyl moiety. ^ 

7. A system as dairhed In aiy one of daims 4 to 6 wWdi is for use In treating a solid tumor and 
wherein tiie metel chelate is a chelate of "Y, «THg or ^Cu, or which is for use in radiosensitizing a body 

55 tumor and wherein flie metal dtelate is a chelate of iron, copper or ruttienium. 

a A system as claimed in any on of claims 4 to 6. which is for use In radioimaglng a body tumor and 
wherein the metal chelate is a chelate of "^In, ^^Ga. «*Cu. ®®^c «6a. ®Zn. ^'Cu, ^Co or s^Co. 
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9. A system as claimed In any one of the preceding daims^ for use in administering the biotinylated 
compound setectfvely at f a solid tumor, wherein the bincfing protein i$ seiecth/efy permeable 
across the vvalls of the C29>aiaries wttich supply the t^^ 

10. A substance for use in adnunlsfering a diagnostic or tfierapeutic agent to an Intemal target site oif a 
5 subject by sequentially admlnlsterlhg parenterally to the subject 

(a) a biotinylated compound containing tiie dagnostic or therapeutic agent. 

(b) an avidtn-contalning bincfihg protein capable of locallang selectively at the target ti$$u when admin- 
istered to the sutiject perenteraliy, and 

(c) a clearing agent capable of reacting with the binding prot^ when ctrculating in the bloodstream of the 
70 subject to form a macromoiecular aggregate which Is cleared by the subject's reticuloendothelial system. 

said sub^ance being the biotinylated compound (a), the prote^ (b) or the clearing agent (c). 

Claims for the following contracting states: Awstrla. Spain and Greece 

IS 1. A method of preparing a system for administering a diagnostic or therapeutic agent t an internal 
target site of a sul^ect the mettHk] comprising 

(a) derivatizing a cornpound comprisihg» or for cOrita&Ung. Ihe agent with blotih and forming a 
biotinylated compound containing the agent; 

(b) derivatizing a protein comprising avidin with an antitKdy or antibody fragment to fonm a bindir^. 
20 protein capal>le of localizing selecth/ely at the target tissue when administered to the subject parenteraQy; . 

(c) derivatizing a htnnan protein with trfotin to form a dearfng i^nt CQpatrie of reacting with ttie 
binding protein when circulating In the bloodistream of the sutject to form -a macromoiecular aggregate 
which is cleared by the subject's reticuioendotheiial system; 

(d) provicOng the products of st^ (a), (b) and (c) as said system. 

25 2. A method as claimed in claim 1 wherein the prot^ compri^ng avidin is avidin or streptavklin^ 

3. A method as claimed in claim: 1 or daim 2. whereiri t^^ a^rtt 
is a btotinyiated chelate oompound complexed wfth a metal tdri to fbrifn a stable metal dielat complex. 

4. A method as claimed in daim 3 wherein the chelate compound is a metal chelate of 1-phenyi or 1- 
benzyl EDTA. 

30 5« A method as claimed in dalm 4 wherein the epitope-chelate compound is a metal chelate having a 
thiobutane spacer arm Bnked to the benzyl moiety. 

6. A method as claimed in any one of claims 3 to 5 wherein the metal chelate is a chelate of: 

(a) aY. «7Hgor6^Cu,or 

(b) "<ln. »Ga. «Cu, »™Tc. OGa. «2Zn. ^Cu, ^»Hg. »Ru. ^Co or or 
35 (c) iron, copper or rutiienium. 

7. A method as claimed in any one of the preceding claims, wherein, the t)ihdirig protein Is selectively 
permeable across walls of tumor-supplying capillaries. 

8. A method of preparing a system for administering a diagnc^c or therapeutic agent to an Internal 
target site of a sufciject, the mettvxl comprising: . . 

40 (a) reacting the N-hycfroxysucdnimide ester of blotin <lMn-NHS) with an amine, group in ai 

. compowd comprising, or Ibr containing, the agent to fprni a liMlnyialed corripouhd and, ff necessary, 
comt^nifig tfie blotinytatad compound wltf) the ^id^ 

(b) condensing or coupGng an antilaody or antibody, fragment wHh avidin or steptairidln to form a 
bincfirtg protein capable of locaKsSng selectively at the target tiisisue when admli^sterad to the subject 

45 parenterally; 

(c) reacting a human protein with t^n-NHS or conden^ng a Human prcrteln witii triotin to form a 
clearing agent capatile of rsactbig witii the bSncfirig protein when circulating in the bloodstream of the 
subject for form a macrontolecular aggregate wfuch Is deared 1^ the subject's reticulbendolheiial system; 

' . . • and 

so (d) provicfing tiie products of steps (a), (b) and (c) as a idt 

9. (a) A mettiod as dmmed in ddirn 8 wherein in step (a) tiiie compound reacted wltti blotin-NHS is an 
B)TA derivative, especially a compound of the formula 

55 H2N-(CH2)4-NH-^2^> — -CH2-EDTAi 

0>) A method as claimed In d^am 8 or daim 9^ wherdn in step (b) th antitxxly or aitibody fragment t& 
condensed or coupled witii avidin or streptavidbi using 2-lmmlnothlolane and sucdnimidyi 4-(N-mal- 
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elnrildomethyl)cyi*)hexan8-1.<:a^^ as cross-Tmldng reagents or a soluble carbodOmide or <WI- 
hydroxysudctnifTvde compound as coupDhg ag nt, 

(c) a method as daliiwJ in dalm 8. daim 9(a) or Claim 9(b) wherein the human protein is human transferrin. 

10. A modmcatibn of a niethod as claimed any one of claims 1. 3 to 6 wheh dependent onxlaim 1^ 
or 9. wherein step (b) comprises provicTihg avidin oi- steptavidin as binding protein. 

11. (A) A method of preparing a substance for use In administering a diagnostic of therapeutic agent to 
an internal target ate of a subject by sequentially administering parenterally to the patient 

(a) a biotinylated compound containing «ie agent derivatlsed with Wotln. 

(b) an avidin-containing binding protein capable of iocallsirig selecthrely at the target tissue when admin- 
istered to the subject, and 

(c) a clearing agent capable of reacting with the binding protein when circulating in the bloodstream of the 
subject to form a nriaoonrKrfeouIar aggregate whldi is cleared by the subject's reticuloendothelial system, 
ttie method cbmpri^ng: 

0) performing a method as defined in any one of claims 1(d), 3 to 6, 8a or 9a to prepare the bioBhylated 
compound contaning the agent derfyaOseid wvO) blotin, or 

(ii) perfonnlng a method as defined In any. one of claims 1(b). a 7. 8b or 9b tb prepare the avkfin-contalnkig 
binding protein, or 

fill) performing a method as defined In any one of claims 1(c), e(c) or 9(c) to prejpare the ciearirig agent: or 
(B) the use of a m^hod defined m (i), (il) or friO above for preparing, respectively, the resultant biotinylated 
compound, Ending protein or ctearing agent for use In sequentially administering parenterally to the patient 
substances (a), (b) and (c) above. ' 
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® System for administering therapeutic or radlodiagnostic compound. 



® A system for localizing a diagnostic or therapeu^ 
tic agent to an internal target site. The system In- 
cludes (1) a biotinylated compound, (2) an avidfrn 
containing binding protein capable of localizing se- 
lectively at the target tissue, when administered par- 
enteraJly, and (3) a clearing agent which can bind to 
and cross-link the binding protein, to form a protein 
aggregate which is reacSly cleared from the subiecf s 
^bloodstream, m practlc&ig the method of the mven- 
^tion. the binding protein is administered to the sub- 
^ ject parenterally. and allowed to tocaOze at the target 
gsite. typically wftWn 1-4 days. This is followed by a 
^chase with the clearing agent to remove circulating, 
v-ibut not target-localized binding protein. When the 
IPbtotinylated compound is administered, t)tnding of 
^the compound to the localized binding protein, and 
O^apid clearance of unbound dompbuhd by the iddr 
j^neys. results in selective locaRzalion of Ih com- 
m pound at the target site. 
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